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Beta-Ray Spectrometer for Nuclear Research 


An improved magnetic lens beta-ray spectrometer 
has been constructed at the National Bureau of Stand- 
ards for use in research on the behavior of radioactive 
isotopes. The beta-ray spectrometer is one of the most 
valuable instruments for the study of beta particles 
and gamma rays, which are important manifestations 
of nuclear radiation. 

As a result of recent developments in atomic energy, 
radioactive isotopes—of which there are about 400— 
are becoming available in increasing quantities, and 
their field of usefulness is spreading rapidly not only in 
physics and chemistry, but also in medicine, biology, 
and industry. The fundamental requirement for such 
expansion, however, is accurate information concerning 
the properties of these radioactive elements and the 
quality of their radiation. Following this, informa- 
tion must be available relating to the chemical and bio- 
logical behavior of these elements with respect to pro- 
posed uses. For example, radio-isotopes, which in 
themselves are strongly toxic to a biologiical organism, 
could not be used as a tracer with that organism. 

The first use of the beta-ray spectrometer at the Bu- 
reau is the current study of the energies of beta and 
gamma rays emitted by radioelements. The gamma 
rays emitted by an element, if they have the energy, 
will have a penetration that may prove particularly 
helpful in medical treatments and radiography. Sim- 
ilarly, the use of a particular isotope as a radioactive 
tracer is dependent upon information regarding the 
penetrating power of the beta rays given off. 
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Investigations of the energies of the gamma and beta 
rays, together with other work on radioactive isotopes 
now being performed at the Bureau, are expected to 
contribute to a number of important results, including 
the development of general standard methods for pre- 
paring radioelements for use as tracers; the evalua- 
tion of technics of measuring radioactivity; the prep- 
aration of standard samples; and the accumulation of 
a body of data helpful in providing guidance in the 
interpretation of laboratory and clinical results. 

In a manner similar to that by which a glass lens 
forms an image with visible light, the magnetic lens 
in the beta ray spectrometer forms an image with 
electrons emitted from a radioactive source. The posi- 
tion of this image depends upon the speed with which 
the electrons are ejected from the radioactive source. 
Thus, there may be obtained on a Geiger-counter de- 
tector a series of images whose positions are determined 
by the speed or energies of the electrons thrown off by a 
particular source. This establishes the energies of the 
beta rays emitted. 

Gamma rays usually occur as the accompaniment of 
beta radiation. However, as they are purely an energy 
radiation, they cannot be tracked on a detector and must 
be studied indirectly. This is possible through observa- 
tion of the velocities of electrons ejected from the atom 
when a gamma ray collides with an electron. With 
the use of a correction factor for the energy lost at the 
time of impact, the gamma-ray energy may be success- 
fully computed. 
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The spectrometer tube consists of a cylindrical vac- 
uum chamber. At one end on the axis of the chamber 
is mounted a source of radioactive material; at the 
other end is a thin-window Geiger-Miller counter, 
which acts as a detector. The electrons travel down 
the spectrometer tube, restricted in their paths by a set 
of baffles, and are focused upon the detector by the lens 
coil mounted coaxially with the chamber. 

The vacuum chamber is a brass tube 61% inches in 
outside diameter, 44 inch in wall thickness, and about 
61% feet in length. The ends are sealed with grooved 
circular plates and rubber gaskets. An opening 
through one end plate is provided with a Wilson seal, 
through which passes a 11-inch brass tube for support 
of the radioactive source. A gate valve at this end, 
with a small chamber that can be evacuated, furnishes a 
means for inserting or removing sources of radiation 
without destroying the vacuum in the main chamber. 

An opening in the other end plate of the main cham- 
ber is also equipped with a Wilson seal to accommodate 
a 2-inch brass tube, in which the Geiger-Miller counter 
is mounted. The position of the detector can thus be 
adjusted without breaking the vacuum in the spectrom- 
eter chamber. 

Investigation of the penetrating power of beta and 
gamma rays has its most immediate application in med- 
ical and biological research. However, knowledge of 
nuclear structure is advanced considerably by accurate 
information concerning relative energies. At the pres- 
ent time, a clear explanation of beta-ray phenomena 
remains one of the critical problems in modern physics. 
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An improved magnetic lens beta-ray spectrometer has been constructed by Bureau scientists for the study of nuclear 


disintegrations. 


Electrons emitted as beta rays by a radioactive source, S, are focused into the counter, G—M, by the 


magnetic field of the coil, C. Energies of beta rays are determined from the positions of electron images on the 
detector, since the position of the image is dependent on the velocity, and hence the energy, of electron emission. 
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Improved Ice Calorimeter in High- 


Temperature Research 


Research on high-temperature specific heats in the 
Bureau’s heat measurements laboratory has resulted in 
the development of a modified Bunsen\ ice calorimeter 
comparable in precision of results with the best of the 
present-day electric calorimeters, and at the same time 
offering certain advantages over such instruments. The 
Bunsen ice calorimeter, designed in 1870, furnished at 
that time a rather crude method for the determination of 
the amount of heat energy given up by a body in cool- 
ing to the temperature of melting ice. Until its appli- 
cation to this project, it had not previously been used 
for extremely accurate work, largely because it had 
never been investigated from the standpoint of high 
accuracy with modern laboratory technic. The instru- 
ment, as modified by D. C. Ginnings and R. J. Corruc- 
cini, was constructed specifically for use in conjunction 
with a specially designed high-temperature electric fur- 
nace to obtain specific heats and related thermodynamic 
data at elevated temperatures. In addition, this new 
ice calorimeter has provided the most accurate means 
for measuring the density of ice at its melting tempera- 
ture, as it is free from many of the difficulties inherent 
in other methods. 

In the application of the ice calorimeter to specific 
heat determinations, a sealed capsule containing the 
sample material is first heated to a known temperature 
in an electric furnace. The capsule is then dropped 
into the ice calorimeter, where the heat evolved in cool- 
ing to the temperature of melting ice is measured. 

The ice calorimeter, by measuring volume changes 
taking place during the melting of ice, measures heat 
input by weighing mercury. In other words, the heat 
given off by the capsule and contents is allowed to melt 
ice that is in equilibrium with water in a closed system, 
and the resulting volume decrease is determined by 
means of mercury drawn into the system. The calibra- 
tion factor is defined as the ratio of the amount of heat 
energy input to the mass of mercury intake and may be 
expressed in international joules per gram of mercury. 
Once the calibration factor of the ice calorimeter is ac- 
curately determined, temperature or electrical measur- 
ine devices are not required by other experimenters 
using ice calorimeters; the amount of heat energy added 
to the calorimeter may always be computed directly 
from the mass of mercury drawn in and the calibration 
factor. 

The furnace used with the ice calorimeter at the 
Bureau consists of a vertical alundum tube, 1 inch in 
diameter, having a chromel winding, and surrounded 
by insulation. The upper end is stoppered by a fired 
tale plug, and the temperature within is measured with 
a calibrated platinum versus platinum-rhodium thermo- 
couple. Proper apportioning of power to auxiliary 
heating elements, covering a 3-inch length at each end 
of the furnace core, results in a more nearly isothermal 


central region, in which the test sample is initially 
suspended. ‘Tests made at temperatures up to 1,000° C 
with thermocouple junctions located at various points 
within the furnace indicated that under optimum con- 
ditions gradients of only a few tenths of a degree per 
inch still existed in the central region in which the cap- 
sule was to be suspended. 

The calorimeter is provided with a thin-walled cen- 
tral well of low thermal conductivity, into which the 
capsule containing the test sample is dropped after 
heating to the desired temperature in the furnace above. 
The lower part of the well is surrounded by two co- 
axial glass vessels, which provide an insulating space 
between an inner ice-water system and a surrounding 
ice bath. The space between the central well and the 
inner glass is filled with air-free water, which is par- 
tially frozen at the beginning of an experiment. Any 
change in volume due to melting ice in the inner vessel 
is transmitted to a mercury reservoir, resulting in a 
change in the amount of mercury in a weighed beaker. 
An electric heater sheathed in a metal tube is soldered 
on the outside of the central well to introduce heat for 
calibration purposes. 

Radiation of heat from the interior of the furnace 
downward into the calorimeter is prevented by a spe- 
cially designed gate, which may be opened for a short 
time to permit dropping the capsule. An arrangement 
is also provided for the constant flow of dry carbon 
dioxide, previously cooled to the temperature of melt- 
ing ice, upward through the central well to prevent 
diffusion of water vapor from above. 

A series of electric calibration experiments was car- 
ried out to determine the effect of a number of variables, 
such as the freezing rate and aging of the ice mantle 
formed about the central well, heat input, carbon diox- 
ide flow rate in the central well, and pressure in the 
closed system. It was found that these variables had 
little if any significant effect on the calibration factor. 

The density of ice at 0° C (0.91671 gram per milli- 
liter) was computed from the calibration factor of the 
calorimeter through the fundamental equation relating 
these and other known quantities. Although it has been 
suggested that the density of ice at 0° C is variable, 
these experiments have indicated that it is constant. 

The present ice calorimeter has the following desir- 
able characteristics: First, its precision is very good; 
second, its sensitivity and thermal insulation are sufh- 
ciently high that it may be used with accuracy for 
measurements of very small quantities of heat; third, 
it does not call for expensive temperature and electrical 
power-measuring equipment. This third advantage 
makes the modified ice calorimeter a_ practical 
instrument for precise measurements in laboratories 
with limited funds and without extensive electrical 
equipment. 
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The high-temperature specific heat apparatus was 
originally designed and constructed during the war for 
the Atomic Bomb Project. This work extended the 
low-temperature specific heat measurements of the 
Heat and Power Division, in the range from the abso- 
lute zero of temperature to 150° C, to high temperatures 
(1,000° C). After a series of calibration experiments, 
the specific heats of uranium metal and some of its 
salts were measured. The Bureau has also furnished 
high-temperature specific heat data upon several sub- 
stances requested by industry. 

Information on the thermal properties at high tem- 
peratures of certain materials, particularly metals and 
ceramics, is needed in such fields as metallurgy and 
engineering-equipment design. In metallurgical proc- 
esses it is often of importance to know the heat required 
to change the temperature of a metal or to melt it. 
Similarly, in the design of chemical or other equipment 
to be used at high temperatures the engineer must con- 
sider such factors as the heat to be supplied to raise the 
temperature of the starting materials, or the heat to be 
removed to lower the temperature of the products, or 


a, 


SSE 


A \ 

Ea 
CHF 
Ed 


( SISULTLELLETEUEIETELEETEEE. 


hd dddddddededdddedsd 


° 
? 


+ 
(a 


ZA 
Y, 


LLL, 


QT? 
Ss cl 


ZZ 


LiLe) 


ZZD 


[Sess 


% 


LZ. 


the heat developed or absorbed that must be transferred 
through the walls of the apparatus. 

From experimental specific heat data extending from 
the absolute zero to high temperatures, it is possible to 
compute the free energy and entropy of various com- 
pounds at high temperatures. This information is very 
useful in determining to what extent a given chemical 
reaction may be expected to take place under specified 
conditions of temperature and pressure. Such knowl- 
edge has important applications to the processes of in- 
dustrial chemistry. Similar data on rocks and their 
constituents are needed for certain geophysical investi- 
gations of rock and mineral formation. These data, 
together with thermal conductivities at high tempera- 
tures, are expected to be important for the study of the 
past history and present-day modifications of the 
earth’s crust. 

In the past there has been considerable discrepancy 
between the results achieved by various investigators, 
using different types of apparatus, in high-temperature 
calorimetry. It was suggested that the Bureau issue 
standard samples of a material whose specific heat 


Specific heats at high temperatures may be measured with great accuracy by a modification of the Bunsen ice calo- 
rimeter (details, left) developed at the Bureau. The sample material is first heated to a known temperature in a 
specially designed resistance furnace (upper right) and is then dropped into the central well of the calorimeter 
(lower right). The heat evolved in cooling to 0° C is measured by weighing mercury that is drawn into the closed 


system as ice is melted. 
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could be accurately stated on the basis of precise ex- 
perimental measurements. Availability of such a 
standard would permit other experimenters in high- 
temperature calorimetry to check the absolute accuracy 
of their results and also to calibrate their apparatus in 
the absence of other means of calibration. Accord- 
ingly, an investigation was made of the specific heat 
of Al,O, in the form of synthetic sapphire (corundum) 
from 0° to 900° C. Results indicate that the material 
will serve as an excellent standard of specific heats 
within the temperature range studied and that it will in 
all probability be just as satisfactory from absolute 
zero up to 1,600° C. 

High-temperature calorimetry is a field in which 
comparatively little systematic work has been done. 
There is at present no accepted theory for the tempera- 
ture variation of the specific heats of solids and liquids 
at high temperatures. It is hoped that the accuracy 
and practicality of the ice-calorimeter method as de- 
veloped at the Bureau will aid in fundamental research 
toward a better understanding of the structure of 
matter. 


Surface Strain in Plastic 
Dentures 


Strains left in plastic dentures through the use of 
tinfoil substitutes for lining the gypsum mold in which 
they are formed can lead to crazing, according to ex- 
periments carried out at the Bureau in cooperation with 
the U. S. Navy Dental Corps and the American Dental 
Association. The results may be of interest in other 
applications where plastics are formed in plaster molds, 
such as the small-scale manufacture of novelties. 

Today most artificial dentures are made of acrylic 
resins because of their lifelike appearance. These den- 
tures are made by forming the acrylic resins in a gyp- 
sum mold, the surfaces of which are covered by an 
appropriate protecting material to prevent adherence 
of the resin and the gypsum. Prior to the war, tinfoil 
was the classic protecting material, but as tin became 
unavailable, the dental profession was forced to employ 
numerous substitute materials, such as calcium algi- 
nate, nylon, rubber dam, and other film-forming 
materials, 

In a recent investigation of these tinfoil substitutes, 
George W. Ferguson, George C. Paffenbarger, and Irl 
C. Schoonover of the Bureau’s dental materials labora- 
tory found that they are inferior to tinfoil as a protect- 
ing medium and that, far worse, they cause surface 
strain in the resin. This strain is released with the de- 
velopment of cracks when even a low-grade solvent, 
ethyl alcohol, for example, comes in contact with the 
denture. Resins processed in tinfoil-lined molds, how- 
ever, are almost always free of detectable surface strain. 

To compare the degree of protection afforded by tin- 
foil and tinfoil substitutes, a clear acrylic resin was 
used to mold a denture-shaped specimen. One-half of 
the mold was covered by tinfoil, the other half by a film 
of calcium alginate. A solvent (methyl methacrylate 
monomer) was lightly brushed on both sides of the 


Half of an acrylic resin denture blank protected by 
calcium alginate during molding, A, is blanched and 
badly crazed, while the half protected by tinfoil, B, is 
clear and free of crazing, after the blank has been painted 
with a solvent. Area C is greatly magnified in D. 


cured specimen. Strain was released immediately on 
the surface, which had been protected by the calcium 
alginate, as witnessed by the crazing, while the tinfoiled 
half remained clear and uncrazed. Similar results 
were obtained with other tinfoil substitutes, and as yet 
none of those tested by the Bureau has been found 
satisfactory. 

In addition to crazing, some trade brands of rubber 
dam caused a red color to develop in the clear resin. 
This discoloration was produced by the action of the 
catalyst in the acrylic resin polymer upon a substance 
that the monomer extracted from these rubber dams. 

As methyl methacrylate monomer is used in the re- 
pair of dentures, such as rebasing or the mending of 
fractures, any strain introduced into the denture by the 
use of tinfoil substitutes is released during repair. 
Cracks appear, and later, fracture and stain of the 
denture occur along the cracks. 

The presence or absence of strains in resins cured 
against these substitutes may be established by apply- 
ing a small amount of alcohol, monomer, or other 
solvent with a tuft of cotton to the specimen of resin. 
After 2 to 5 minutes, when viewed by transmitted light, 
a network of fine, almost invisible lines may appear 
over the area where the solvent was applied, if strains 
are present. 
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Aluminum From Clay 


Wartime research at the National Bureau of Stand- 
ards has gone far in solving a problem that has been 
the object of numerous investigations by chemists over 
a period of many years—that of producing aluminum 
from clay. The development of two processes at the 
Bureau makes it possible that this abundant raw ma- 
terial may sometime replace bauxite as a source of the 
metal. 

Actually, the manufacture of aluminum from clay 
will in the near future be imperative for the protection 
of the United States from dependence upon foreign 
sources of aluminum ore. Because of the limited do- 
mestic supplies of low-silica bauxite, about 70 percent 
of the needs of the United States aluminum industry 
was being imported long before our entry into World 
War II. 

Shortly after the United States declared war in 1941, 
submarine warfare in the Caribbean seriously inter- 
fered with bauxite shipments, and it became important 
to utilize domestic sources of aluminum, of which clay 
is the most abundant. Accordingly, investigations 
were begun at the Bureau seeking economically feasible 
methods for the production of alumina from clays and 
low-grade bauxites. This work resulted in the develop- 
ment of two processes for the recovery of alumina 
from clay—one a hydrochloric-acid extraction process, 
the other an alkaline extraction with a solution of 
sodium hydroxide and sodium chloride. 

In the last three quarters of a century, at least 60 
processes have been proposed for deriving alumina 
from common clays and other aluminous materials be- 
sides bauxite. Most of these processes were found im- 
practical, however, because of the high cost and low 
purity of the product. When alumina is reduced 
electrolytically to metallic aluminum, the impurities, 
largely silica and ferric oxide, also are reduced and 
pass into the metal. 

The various methods proposed for the recovery of 
alumina from clays and high silica bauxites can be 
divided in two groups—alkaline processes and those re- 
quiring the use of acids. In both groups the problems 
of obtaining a high recovery of alumina and of effec- 
tively separating silica and ferric oxide from the 
alumina must be solved. In acid processes there has 
been the additional problem of corrosion of equipment. 


Acid Extraction 


The acid extraction? developed at the Bureau is the 
only successful hydrochloric-acid process that has been 
carried to completion. The basic reactions involved 
had been used and studied in the laboratories of the 
Bureau in the analysis of bauxite, high-alumina re- 
fractories, aluminum metal, and miscellaneous ceram- 
ics, and in the redetermination of the atomic weight of 
aluminum. The problem was to adapt the laboratory 
methods to a commercial process. 

After preliminary laboratory work had demon- 
strated the feasibility of the procedures involved, funds 
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were made available by the War Department for con- 
struction of a pilot plant at the Bureau to test the acid 
process on a semiplant scale. Difficulty in obtaining 
equipment hampered construction, but by May 1943 a 
small plant capable of producing satisfactory alumina 
for reduction to the metal had been built. For the 2 
years following, the plant was in almost continuous 
operation. 

Previous attempts at development of a hydrochloric 
acid process had failed because of the corrosion of 
metallic equipment by acid fumes. This problem, 
as well as the abrasive effect of precipitated aluminum- 
chloride crystals, was overcome in the pilot plant 
through the use of modern plastics, glass, and refrac- 
tory materials in place of metals. Glass piping had the 
additional advantage of making certain stages of the / 
process visible to the observer. 

Preliminary experimental work had centered around 
two major problems—the decomposition of clay with 
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hydrochloric acid and the efficient separation of alumi- 
num from iron and other soluble constituents of the 
clay. Alumina can be dissolved out of all clays by 
treatment with hydrochloric acid in closed containers 
at 300° C, but the high pressures developed rendered 
this method of decomposition unsuitable for plant in- 
stallations with the equipment available. However, it 
was found that roasting the clay at the relatively moder- 
ate temperature of 700° C furnished enough energy to 
break the chemical union between aluminum and silicon 
in the aluminum-silicate molecule. It was then possible 
to dissolve out the alumina with dilute hydrochloric 
acid at about 100° C under atmospheric pressure, leav- 
ing the silicon in the form of silica (SiO.), insoluble in 
the acid. 

The problem of the separation of aluminum from 
iron and other acid-soluble constituents of clay re- 


Two processes for production of alumina from domestic cla : 
One, an acid-extraction process, was carried to pilot-plant sta | 
note glass tubing used because of the corrosive effect of ac 

chloride, which on calcination yields high-grade alumina Gal 


mained. Removal of the aluminum by precipitation 
with hydrochloric-acid gas as the hydrated chloride 
was found most practical, as almost all of the impurities 
are left in solution. 

The hydrochloric acid process consists in (1) roast- 
ing the clay, (2) digesting the roasted product in dilute 
hydrochloric acid, (3) filtering to separate the insoluble 
siliceous matter from the solution containing the alumi- 
num and soluble impurities such as iron and alkali 
salts, (4) concentrating the solution, (5) precipitating 
the aluminum as the hydrated chloride by adding 
hydrochloric acid gas, (6) removing the crystals of 
hydrated aluminum chloride, (7) washing the crystals 
to remove impurities, (8) calcining the hydrated chlo- 
ride to alumina, and (9) recovering hydrochloric acid 
from the waste products. 

Although the process is applicable to nearly all clays, 
kaolin was used in the pilot plant because of its abun- 
dance and accessibility. The raw material first enters 
a triple-hearth Wedge furnace, where it is roasted at 
about 700° C to increase the solubility of its alumina 
content in acid. It then passes into a digester, in which 
it is stirred to mix with hot dilute hydrochloric acid 
until soluble material is dissolved. 

From the digester the cooled slurry is pumped into 
a filter press where the insoluble matter is removed. 
The acid filtrate and washings pass into a still, in which 
the solution is evaporated to a relatively small volume to 
minimize the quantity of hydrochloric acid gas required 
to precipitate aluminum as the hydrated chloride 
(AIC];.6H,O). The water distillate is discarded, 
while the acid distillate is retained for future decomposi- 
tion of clay in the digester. 

The concentrated solution is then cooled and enters a 
precipitator, where intimate contact with hydrochloric 
acid gas results in precipitation of the hydrated 
aluminum chloride. | From the precipitator, the alumi- 
num chloride, suspended in a solution saturated with 
hydrochloric acid, goes to a rubber-coated centrifuge 


> developed at the Bureau when war curtailed bauxite imports. 
esidue from acid digestion is removed in a filter press (left) — 


metal. 


Soluble alumina is converted to crystalline aluminum 


The outlet is kept filled, to exclude air from the furnace. 


with perforated basket, where the chloride crystals are 
removed by filtration through asbestos cloth. Impuri- 
ties adhering to the aluminum chloride are removed by 
washing with a hydrochloric acid spray. 

Conversion of the hydrated aluminum chloride to the 
oxide is accomplished by calcination in a muffle-fired 
furnace with constant agitation of the aluminum chlo- 
ride by the rabble arms as it passes downward over the 
heated hearths. A rubber-coated exhaust fan pulls the 
hydrochloric acid gas and water vapor from the top of 
the furnace. The acid gas is drawn through a cooler, 
where a certain amount of the aqueous acid condenses 
and is drained into a still for later generation of hydro- 
chloric acid gas used in the process. The major por- 
tion of the acid gas is absorbed in cool hydrochloric 
acid of constant boiling strength in an absorption tower. 

Alumina obtained by this method at the Bureau has 
an average purity of about 99.8 percent. Significant 
impurities are 0.1] percent of chlorine, 0.04 percent of 
iron oxide, and 0.06 percent of silica. The chloride 
content can be further reduced by longer heating at 
higher temperatures, and the content of iron oxide can 
readily be lowered by additional washing of the chloride 
in the centrifuge basket. 

The price of producing aluminum by the hydrochloric 
acid process is at present about twice that from im- 
ported bauxite. However, studies now in progress at 
the Bureau may result in reduction of the original cost 
figures. The two major cost items are fuel for heating 
and the replacement of hydrochloric acid, of which the 
latter is the more important. Greater efficiency in the 
reuse of hydrochloric acid offers possibilities of fur- 
ther economy, as does the better use of power through 
more efficient heat exchangers and the utilization of 
waste heat from furnace gases. There are also possi- 
bilities in the recovery of usable byproducts, such as 
iron, from waste solutions. 


Alkaline Extraction 


Because a fund of information concerning the be- 
havior of alumina in alkaline solutions had been built 
up as a result of studies not directly concerned with 
the recovery of alumina, an investigation * of alkaline 
processes was also undertaken at the Bureau. The key 
results of this work, representing a suggested commer- 
cial process for the extraction of alumina from clay 
and high-silica bauxites, were available by early 1943. 
However, before the process could be carried out on a 
larger scale, it appeared that the submarine menace in 
the Caribbean might be controlled. As a result, the 
alkaline process was never taken to the pilot-plant stage. 

One of the fundamental principles of many of the 
alkaline processes is the conversion of the alumina in 
the ore to sodium aluminate, which is readily soluble 
in water. The iron is easily removed, as it is very 
insoluble in alkali, but considerable silica remains in 
solution. The problem is to rid the solution of the 
soluble silica, so that the silica content of the precipi- 
tated alumina may be below an acceptable limit. The 
investigation, therefore. was first concentrated on this 
problem. 
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As a point of departure in the study of alkaline 
methods at the Bureau, numerous extractions were 
made with samples of domestic high-silica bauxite by 
using sodium hydroxide solution at boiling tempera- 
ture. As expected, the solutions contained moderate 
amounts of silica. Analyses of the insoluble extrac- 
tion residues showed that soda, alumina, and silica were 
present in simple, constant molar proportions, indicat- 
ing that the residues might consist principally of a 
single compound. Accordingly, attempts were made 
to synthesize from pure starting materials a sodium 
aluminum silicate compound similar in composition to 
the extraction residues. X-ray diffraction patterns of 
the resulting products strongly resembled those of the 
mineral sodalite, 3Na.0.3Al,0;.6Si0,.2NaCl. 

As a result of these observations, further extractions 
of the bauxites were made using sodium chloride in ad- 
dition to the sodium hydroxide, and the silica content of 
the extracted solutions was immediately reduced to one 
tenth or less of the former value. The reduction in resi- 
dual silica was caused by the formation during the 
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Flow sheet outlining the hydrochloric acid process de- 
veloped at the Bureau for the production of alumina 
from clay. This process is practicable, though more 
expensive than the extraction of alumina from bauxite. 
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extraction of a compound of the sodalite type having a 
significantly lower solubility than the sodium aluminum 
silicate formed in the absence of sodium chloride. 

Numerous extractions were performed to determine 
optimum conditions, and it was found that only about 
75 percent of the alumina in the impure domestic 
bauxite could be dissolved out with sodium hydroxide- 
sodium chloride solutions, because the remainder of 
the alumina formed an insoluble hydrated sodium 
aluminum silicate. At the same time, soda was lost in 
the formation of this complex. Attention was there- 
fore directed to recovering the alumina and soda. 

The extraction residues were sintered with lime, and 
the resulting solid sodium aluminate was extracted with 
water. Sodium-aluminate solutions were thus ob- 
tained containing most of the soda lost in the first ex- 
traction and sufficient alumina to make the over-all 
extraction 90 percent or better. Silica was present 
only to the extent of 1 or 2 percent of the alumina and 
could be further reduced to a very low value by boil- 
ing the solution in contact with a seed charge of soda- 
lite in the presence of sodium chloride. Most impor- 
tant, it was discovered that the presence of sodium 
chloride had no adverse effect on the extraction of the 
alumina and soda from the residues. This meant that 
the spent solution from the precipitation of alumina 
with carbon dioxide could be recirculated and used 
for extracting the sintered residue. 

The results of these investigations on high-silica 
bauxites, in which the silica was reduced to a low 
value by the application of the sodalite principle, led 
to experiments seeking a method for the more complete 
separation of silica from alumina in solutions obtained 
in the lime-sinter process. Ground siliceous aluminum 
ore was mixed with finely divided calcium carbonate 
in the proper proportions to give a material equivalent 
to a mixture of dicalcium silicate with pentacalcium 
trialuminate and mono- or tricalcium aluminate. 
This mixture was then heated at temperatures approach- 
ing 1,400° C for the time necessary for formation of 
those compounds. The resulting sinter was cooled 
slowly to about 1,200° C to permit crystallization of 
any liquid present at the higher temperature. 

The dicalcium silicate played an important dual role 
in this procedure. First, it held the silica in an un- 
reactive form insoluble in the alkaline extracting solu- 
tion. Second, it expanded on cooling with consequent 
reduction of the sintered mass to a powder—a process 
known as “dusting”, which rendered the aluminous 
materials accessible to the action of an alkaline solution 
without grinding. It was found that sodium chloride 
in the extracting solution did not seriously interfere 
with the extraction of the alumina with sodium car- 
bonate solution. This detail permitted the further use, 
as in the treatment of lime-soda sinters from bauxite 
extraction residues, of the spent solutions from which 
the silica and alumina had been removed. 

These experiments were the basis for the establish- 
ment of a method of recovering alumina from clay by 
a lime-sinter process involving extraction with a sodium 
carbonate-sodium chloride solution. A means was thus 
afforded for the production from clay of hydrated 


alumina, which after calcining was entirely suitable for 
electrolytic reduction to the metal. 

From the available information, flow sheets for sug- 
gested commercial processes were prepared. In the 
outlined process for the alkaline extraction of alumina 
from clay, a mixture of clay and limestone is prepared 
by either wet or dry process grinding and mixing. 
Commercial equipment is available, that appears to be 
particularly well adapted for burning the raw mix and 
annealing the resulting clinker. 

A solution of sodium carbonate and sodium chloride 
is added to the powdered mixture, and the resultant 
slurry is stirred at high speed for about 14 hour at 60 
to 80° C. On completion of the extraction period, the 
mixture is filtered and an extract containing 70 to 80 
grams of alumina and 1] to 2 grams of silica per liter is 
obtained. By subjecting the residue to counter- 
current washing with salt solution, it is expected that 
the concentration of alumina in the wash water can be 
built up to approach that in the extract. The residue, 
consisting principally of lime and silica, may then be 
washed with water and stock-piled as a raw material for 
the production of portland cement. 

The filtered alumina solution plus concentrated wash- 
ings is next desilicated by boiling for 1 hour with a 
seed charge of synthetic sodalite, which induces the 
precipitation of crystalline sodalite. After filtration, 
the sodalite in excess of that required for seed for the 
next batch is returned to the first stage of the process. 

Hydrated alumina is precipitated by passing carbon 
dioxide, obtained from scrubbed kiln gases, into the 
desilicated solution. In order to avoid contamination 
by silica, the precipitation of alumina is not carried to 
completion. However, in cyclical operation of the 
process, complete recovery of the alumina from solution 
would be obtained. The alumina is filtered and washed 
with water low in silica to avoid contamination, and the 
residual solution and washings are used to scrub the 
kiln-flue gases. This procedure causes not only re- 
moval of dust from the gases, but also evaporation of 
water from the combined solution and washings. Sufhi- 
cient make-up quantities of sodium carbonate and 
sodium chloride are added to the evaporated and car- 
bonated solution, so that it may be used for the extrac- 
tion of a fresh batch of sinter. The hydrated alumina 
is dried and calcined for electrolytic reduction to 
aluminum. 

About 95 percent of the alumina in the clay is recov- 
ered by this method, while losses of soda are small. An 
advantage of the process is that all steps can be con- 
ducted at atmospheric pressure, whereas many other 
alkaline methods for the extraction of alumina require 
autoclave desilication. 


Other Processes 


Several processes for obtaining alumina from sources 
other than bauxite have been tried in other laboratories. 
A few of these use sulfuric acid or a sulfate mineral, 
while the rest are alkaline extraction methods. The 
Kalunite process for producing alumina from the sul- 


fate-mineral alunite is in reality a sulphuric-acid process 
as is the process developed and operated by the Tennes- 
see Valley Authority at Wilson Dam, Ala. A process 
using ammonium sulfate was also worked out by the 
Chemical Construction Co. of the Pacific Northwest. 

Several alkaline methods use lime or lime-soda, with 
which the clay is sintered. Aluminum salts are then 
leached out with sodium-carbonate solution or with 
water. Among such processes are those developed by 
the U. S. Bureau of Mines, by Monolith Portland Ce- 
ment Co., by the Ancor Corp. and by Alcoa. The 
Anaconda Copper Co. carried through the pilot-plant 
stage a process known as the Becco process, which 
began as a hydrochloric-acid process but ended with 
the alkaline Bayer method. 


1 Details of this work are described in Bureau Research Paper RPI1756, 
Development of a hydrochloric-acid process for the production of alumina 
from clay. James I. Hoffman, Robert T. Leslie, Harold J. Caul, Lewis Jesse 
Clark, and John Drake Hoffman, J. Research NBS 37, 409 (1946). 

2Details of this work are described in Bureau Research Paper RP1691, 
Extraction of alumina from clays and high-silica bauxites. KE. P. Flint, W. F. 
Clarke, E. S. Newman, Leo Shartsis, D. L. Bishop, and Lansing S. Wells, 
J. Research NBS 36, 63 (1946). 
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Flow sheet illustrating the lime-sinter process developed 
at the Bureau for the extraction of alumina from clay. 
Approximately 95 percent of the alumina in clay is re- 
covered by this method. 
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Uniform Abrasion in the Testing of Textiles 


Resistance to abrasion is an important factor in the 
serviceability of many organic and inorganic products 
such as textiles, rubber, plastics, leather, linoleum, 
ceramics, mastic tiles, concrete, stone, wood, and metal. 
The Textiles Section of the Bureau is at present engaged 
in research on the measurement of resistance to abrasion 
as a part of the broad program on abrasion conducted 
by the Office of the Quartermaster General. One of the 
major problems in this work has been the design and 
development of an abrasion machine that will abrade a 
plane area of a specimen uniformly over the entire 
surface and from every direction in its plane. A com- 
plete mathematical solution to this problem has been 
worked out by Herbert F. Schiefer, and a machine based 
upon the solution has been constructed at the Bureau. 

In an attempt to approximate the conditions that pro- 
duce uniform abrasion, numerous machines have been 
developed, several with highly complicated mechanisms. 
However, in most cases the relative motion between the 
specimen and abradant is not the same for the whole 
area of the specimen to be abraded, and in no case is it 
the same from every direction in the plane of the 
abraded surface. 

In the mathematical solution that was obtained, the 
abrasion at any instant is constant in magnitude and 
direction over the whole abraded area. From instant 
to instant the amount of abrasion remains constant, but 
the direction changes continuously through 360 degrees 
ineach cycle. This general solution requires that plane 
areas of the abradant and of the specimen, which are 
in contact under pressure, rotate in the same direction 
and with the same angular velocity. The specimen 
must at all times be completely in contact with the 
abradant, and the specimen and abradant must not be 
coaxial. The specimen may revolve about the center 


of the abradant with any angular velocity in the same 
direction as its rotation or in the opposite direction. 

The simplest solution from mechanical considerations 
is the special solution in which both abradant and speci- 
men rotate in the same direction and with the same 
angular velocity while the specimen does not revolve. 
A machine based upon this special solution has been 
constructed and found to operate satisfactorily for a — 
wide variety of textile products. 

A new feature of this machine is the abradant. It 
consists of a disk 414 inches in diameter, in One face of 
which are inserted a series of parallel strips of clock 
spring, 0.025-inch thick and spaced 14-inch apart. The 
edges of these springs, ground and lapped to a plane 
surface, constitute the abradant for textile materials. 
Although tests indicate that the abrasive effect of this 
device remains constant, obviously the abradant is 
not uniform over its entire area. Any effect on the 
result of a test due to nonuniformity in the abradant is 
eliminated by rotating the abradant once more than 
the specimen in every 240 rotations. 

Abrasion machines based upon the mathematical 
solution that has been derived have many advantages. 
The resistance to abrasion of many products, such as 
textiles, varies greatly with the direction of the abrasion 
because of structural differences due to the type of 
weave and the kinds of yarns and fibers used in the 
warp and in the filling. 

As such machines can abrade plane areas of a speci- 
men equally from every direction, the effect of fabric 
construction or “form factor” on the resistance to 
abrasion can be evaluated directly. Systematic studies 
of the effects of weave design and yarn construction on 
the resistance to abrasion should eventually lead to the 
development of “balanced fabrics,” that is, fabrics that 


Parallel strips of clock spring, ground and lapped to a plane, constitute the abradant of this abrasion machine (left) 
designed and constructed at the Bureau. Abradant and fabric, in contact under known pressure, rotate in the same 
direction and with the same angular velocity, producing uniform abrasion on the specimen, as demonstrated in six 


felt specimens (right). 
ments of 5,000 rotations. 
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Five specimens were abraded in amounts ranging from 5,000 to 25,000 rotations in incre- 
A specimen of the original felt is included for comparison.. 


are equally resistant from every direction and therefore 
more durable. 

It will also be possible for the first time to abrade a 
number of specimens simultaneously in such a way that 
each specimen receives exactly the same amount and 
kind of abrasion, as the same area of the abradant acts 
in the same way on each specimen in each cycle or rota- 
tiou. This will permit the investigator to test several 
experimental specimens simultaneously with a standard 
specimen and obtain a true comparative value at any 
time during the tests, even though the abradant is not 
uniform and does not remain constant during the test. 
Machines based upon the mathematical solution may 
thus have many applications in research and industry 
for a wide variety of materials. 


Water Repellency of 
Textile Fabrics 


Clothing that sheds rain satisfactorily is often ex- 
tremely uncomfortable to wear. This is especially true 
if the pores of the fabric do not permit transpiration 
or, in other words, do not allow the garment to breathe. 
The problem is, therefore, to provide a treatment for 
the surface of the fabric that will prevent penetration 
of water without sealing the pores. Treatments of this 
type are termed water-repellent, as distinguished from 
waterproof treatments that close the pores of the fabric 
and thus make it impervious to water. Operations in 
tropical theaters during the war gave impetus to the 
development of water-repellent treatments, and many 
processes have been devised. At the same time many 
tests have been used to measure the effectiveness of the 
various treatments, often leading to divergent results. 

In order to provide data on a more comparable basis, 
as well as to answer some of the more common questions 
arising from Government agencies, industry, and the 
general public—for example, to what degree is a par- 
ticular fabric water-repellent, or to what extent does dry 
cleaning or laundering diminish the water repellency of 
a fabric—the Bureau’s textiles laboratory has under- 
taken a broad investigation of the whole problem of 
water repellency. As a first step a critical review was 
made of the entire field and the tests that have been de- 
vised to measure the effectiveness of the various treat- 
ments. Fundamental measurements of the mechanism 
of the wetting of fabrics, as well as the surface forces 
and energies involved, are also included as part of the 
investigation. | 

No singie test method alcne will completely measure 
the water repellency of a treated fabric, according to a 
report by John W. Rowen and Domenick Gagliardi, 
but rather a combination of several tests appears de- 
sirable to evaluate this property. A single summary 
test value that would be derived from a number of dif- 
ferent tests, all reported in the same units, is suggested 
as a more reliable measure of the repellency of a fabric 
than the value of only one test. Further analysis of the 
data is necessary, however, before such a value can be 
assigned. 


Four test methods, based on the measurement of sepa- 
rate and significant properties, were chosen on the basis 
of preliminary tests and theoretical considerations as 
being most suitable for the purposes of this investiga- 
tion. These were applied to eleven commercial and 
four Army water-repellent fabrics, in accordance with 


directions given in Government specifications or other 


published papers. 

As each test measures different properties of the 
fabric, it is not to be expected that the 15 fabrics will 
appear in exactly the same order in the 4 tests. For 
example, the most widely used test method, the spray- 
rating test of the American Association of Textile Chem- 
ists and Colorists, a very useful qualitative test, did not 
reveal differences shown by the other 3 tests. How- 
ever, all of the fabrics can be fitted approximately into 
3 general groups—good, fair, and poor—and certain 
of the samples always appear in a specific group. 

The most frequent argument against laboratory tests 
is that they do not test the fabric under conditions of 
actual use. Tests that simulate natural rain, therefore, 
are considered much more useful for practical purposes. 
Further study was then concentrated on the method that 
offered the most promise of predicting the relative per- 
formance of fabrics in the rain. This is the drop- 
penetration test recently developed at the Bureau for 
the Army Quartermaster Corps to permit observation 
of the rate of penetration of water through water- 
repellent materials. Rate curves, obtained by plotting 
the rate of penetration (milliliters per minute) against 
time, show three characteristic portions: An induction 
period during which little or no water comes through 
the cloth; a region in which, when the resistance to 
penetration is broken, water passes through the fabric 
at a fairly rapid rate; and finally a limiting-rate region, 
in which the penetration reaches a steady state. Addi- 
tional data are necessary to correlate laboratory results 
with actual performance in the rain. Obviously the 
individual wearing a water-repellent garment with a 
high rate of penetration will get wet after continued 
exposure to rain. In designing new water-repellent 
fabrics, a prime objective would be a long induction 
period and a low rate of penetration. 

The effect on water repellency of standard methods 
of dry cleaning and laundering was also examined. 
By using a combination of three different tests, it was 
possible to distinguish between durable and nondurable 
repellent finishes. Durable finishes are described as 
those whose water repellency is only slightly dimin- 
ished by dry cleaning or laundering. Those fabrics 
whose water repellency is totally or greatly impaired by 
dry cleaning or laundering are classified as non- 
durable. The two terms are only relative, however, 
and the difference between them is a matter of degree of 
resistance and not necessarily of type of compound. 

Results of this work point the way toward further 
improvements in water-repellent fabrics, particularly 
through a comprehensive study of fabric structure as it 
applies to water repellency. This phase of the investi- 
gation is continuing, as well as additional study of test 
procedures adaptable to other fabrics and suitable for 
establishing standard methods of testing. 
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NBS Publieations 


Periodicals ° 


Journal of Research of the National Bureau of Standards, volume 
38, number 5, May 1947 (RP1787 to RP1795, inclusive). 

Technical News Bulletin, volume 31, number 5, May 1947. 10 
cents. 

CRPL_D33. Basic Radio Propagation Predictions for August 
1947. Three months in advance. Issued May 1947. 15 


cents. 


Nonperiodical 
ResearcH Papers ** 


RP1780. Synchronization of oscillators. Robert B. Huntoon and 
Albert Weiss. 10 cents. 

RP1781. Disintegration of scandium.’ 
F. Curtiss. 10 cents. ‘ ' 

RP1782. High-temperature X-ray diffraction apparatus. Alvin 
Van Valkenburg, Jr., and Howard F. McMurdie. 10 cents. 

RP1783. Heats of combustion and isomerization of six nonanes. 
Walter H. Johnson, Edward J. Prosen, and Frederick D. Ros- 
sini. 10 cents. 

RP1784. Structure of difructose anhydride II. Emma J. McDon- 
ald and Anne L. Turcotte. 10 cents. 

RP1785. Mangabeira latex and rubber. Norman Bekkedahl and 
Waldemar Saffiati. 10 cents. 

RP1786. Spectrographic determination of minor elements in 
portland cement. Armin W. Helz and Bourdon F. Scribner. 
10 cents. 


° Irving Feister and Leon 


Burtptinc MATERIALS AND StructuRES Reports * 


BMS108. Temperature distribution in a test bungalow with vari- 
ous heating devices. Richard S. Dill and Paul R. Achenbach. 
10 cents. 


MISCELLANEOUS °* 


M178(supplement) to National directory of commodity specifi- 
cations. $2.25. 


Letrer CircuLars ° 


LC852. Refractories—publications by members of the staff of 
the National Bureau of Standards. (Supersedes LC587.) 


LC853. List of commercial standards. Revised to April 1, 1947. 
(Supersedes LC842.) ’ 

LC854. X-rays—publications by members of the staff of the 
National Bureau of Standards. (Supersedes LC602.) 

LC855. Home heating problems—list of publications and arti- 
cles. Revised to May 1,1947. (Supersedes LC840.) 

LC856. List of published material relating to home building 
and maintenance. (Supersedes LC830.) 


Articles by Bureau Staff Members in Outside 
Publications * 


Optical glass production. C. H. Hahner. Chemical Engineer- 
ing (330 West Forty-second Street, New York 18, N. Y.) 54, 
No. 4, 122 (April 1947). 

Standards can strengthen Pan American trade relations. E. C. 
Crittenden. Foreign Commerce Weekly (U. S. Department 
of eae Washington 25, D. C.) 27, No. 2, 18 (April 12, 
1947). 

Safe walkway surfaces. Percy A. Sigler and Archibald T. Mc- 
Pherson. National Safety News (National Safety Council, 
Inc., 20 North Wacker Drive, Chicago 6, Ill.) 55, No. 3, 10 
(March 1947). 

Plastics and the building industry. G. M. Kline. Southern 
Building Supplies (W. R. C. Smith Publishing Co., Grant 
Building, Atlanta 3, Ga.) 11, No. 3, 8 (March 1947). 

Standards and enforcement. Wilmer Souder. Scale Journal 
(1703 East Eighty-fourth Street, Chicago 17, Ill.) 33, No. 7, 6 
(April 1947) ; 33, No. 8, 10 (May 1947). 

New plaster and stucco standards to prevent failures. J. W. 
McBurney. Industrial Standardization (American Standards 
Association, 70 East Forty-fifth Street, New York, N. Y.) 18, 
79 (1947). 


3Send orders for publications under this heading only to the Superin- 
tendent of Documents, Government Printing Office, Washington 25, D. C. 
Subscription to Technical News Bulletin, $1.00 a year; Journal of Research, 
$4.50 a year (to addresses in the United States and its possessions and to 
countries extending the franking privilege); other countries, $1.35 and $5.50 
respectively. The price of other publications is indicated in the lists. 

4 Reprints from April Journal of Research. 

5 Letter Circulars are prepared to answer specific inquiries addressed to the 
National Bureau of Standards, and are sent only on request to persons having a 
definite need for the information. The Bureau cannot undertake to supply 
lists or complete sets of Letter Circulars or send copies automatically as 
issued. i 

® These publications are not available from the Government. Requests should 
be sent directly to the publishers. 


The Technical News Bulletin 


Published monthly, the Bulletin presents concise arti- 
cles on the results of the Bureau’s research, develop- 
ment, and test activities in the fields of physics, chem- 
istry, and engineering. In these reports, emphasis is 
placed on the scientific results and their technologic 
significance. In addition, a complete bibliography of 
the Bureau’s publications during the preceding month 
is included. 

The scope of the Bureau’s activity is indicated by its 
11 scientific divisions: electricity, metrology, heat and 
power, optics, chemistry, mechanics and sound, organic 
and fibrous materials, metallurgy, mineral products, 
electronics and ordnance development, and radio prop- 
agation. In addition, three divisions are concerned 
with problems of standardization and codes and speci- 
fications. 
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